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The main goals of the KASCADE (KArlsruhe Shower Core and Array DEtector) experiment are the determination
of the energy spectrum and elemental composition of the charged cosmic rays in the energy range around the knee
at ≈ 5PeV. Due to the large number of measured observables per single shower a variety of different approaches
are applied to the data, preferably on an event-by-event basis. First results are presented and the influence of the
high-energy interaction models underlying the analyses is discussed.
1. INTRODUCTION
The air shower experiment KASCADE [1] aims at
the investigation of the knee region of the charged
cosmic rays. It is built up as a multidetector setup
for measuring simultaneously a large number of
observables in the different particle (electromag-
netic, muonic and hadronic) components of the
extended air shower (EAS). This enables to per-
form a multivariate multiparameter analysis for
the registered EAS on an event-by-event basis to
account for the non parametric, stochastic pro-
cesses of the EAS development in the atmosphere.
In parallel the KASCADE collaboration tries to
improve the tools for the Monte Carlo simulations
with the relevant physics. The code CORSIKA
[2] allows not only the detailed three dimensional
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simulation of the shower development in all parti-
cle components (including neutrinos) down to the
observation level, but it has been implemented
several high-energy interaction models. As the
basic physics of these models in the relevant en-
ergy region and in the extreme forward direction
cannot be tested at present days’ accelerators,
the test of these models emerged as one of the
goals of the KASCADE experiment. The follow-
ing overview is based on results presented at the
26th International Cosmic Ray Conference in Salt
Lake City, Utah 1999 [3].
2. THE KASCADE EXPERIMENT
The KASCADE array consists of 252 detector
stations in a 200 × 200m2 rectangular grid con-
taining unshielded liquid scintillation detectors
(e/γ-detectors) and below 10 cm lead and 4 cm
steel plastic scintillators as muon-detectors. The
2total sensitive areas are 490m2 for the e/γ- and
622m2 for the muon-detectors. In the center
of the array a hadron calorimeter (16 × 20m2)
is built up, consisting of more than 40,000 liq-
uid ionisation chambers in 8 layers with a trig-
ger layer consisting of 456 scintillation detectors
in between. Below the calorimeter a setup of
position sensitive multiwire proportional cham-
bers (MWPC) in two layers measures high-energy
muons (Eµ > 2GeV) of the EAS.
For each single shower a large number of observ-
ables are reconstructed with small uncertainties.
For example, the errors for the so-called shower
sizes, i.e. total numbers of electrons Ne and num-
ber of muons in the range of the core distance
40− 200m N trµ , are smaller than 10%.
The resulting frequency spectra of the sizes (in-
clusive the spectra of the hadron number and
muon density spectra at different core distances)
show kinks at same integral fluxes. This is a
strong hint for an astrophysical source of the knee
phenomenon based on pure experimental data,
since same intensity of the flux corresponds to
equal primary energy.
But for the reconstruction of the primary energy
spectrum and the chemical composition detailed
Monte Carlo simulations are indispensable due to
the unknown initial parameters and the large in-
trinsic fluctuations of the stochastic process of the
shower development in the atmosphere. The us-
age of a larger number of less correlated observ-
ables in a multivariate analysis parallel to inde-
pendent tests of the simulation models tries to
find the solution of this dilemma.
3. ANALYSES AND RESULTS
In the air shower simulation program CORSIKA
several high-energy interaction models are em-
bedded including VENUS, QGSJET and SIBYLL
(Refs. see in [2]). The models are based on
the Gribov-Regge-theory and QCD in accordance
with accelerator data. Extrapolations for the
EAS physics in the knee region are necessary due
to the high interaction energy and for the extreme
forward direction. To compare KASCADE data
with Monte Carlo expectations a detector simula-
tion by GEANT is performed for each CORSIKA
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Figure 1. Comparison of simulated and measured
integral muon trigger and hadron rates. Uncer-
tainties of the elements’ absolute fluxes of the rel-
evant energy range is indicated by dotted lines.
simulated shower.
One test is the comparison of simulated integral
muon trigger and hadron rates with the measure-
ments. This test is sensitive to the energy spec-
trum of the hadrons which are produced in the
forward direction at primary energies around 10
TeV, where the chemical composition is roughly
known (Fig.1). For higher primary energies the
hadronic part of the interaction models are tested
by comparisons of different hadronic observables
in ranges of shower sizes [4]. In general it is seen
that the high-energy interaction models predict
a too large number of hadrons at sea level com-
pared with the measurements.
Nonparametric multivariate methods like “Neural
Networks” or analyses based on the “Bayesian de-
cision rules” are applied to the KASCADE data
for the estimation of the energy and mass of the
cosmic rays on an event-by-event basis. The nec-
essary “a-priori” information in form of proba-
bility density distributions are won by detailed
Monte Carlo simulations with large statistics.
For the energy reconstruction the shower sizes Ne
and N trµ as parameters are used in a neural net-
work analyses (Fig.2). A parametric approach to
the same data leads to compatible results (Fig.2):
here a simultaneous fit to the Ne and N
tr
µ size
spectra is performed. The kernel function of this
fit contains the size-energy correlations for two
primary masses (proton and iron) obtained by
Monte Carlo simulations.
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Figure 2. The primary cosmic ray energy spec-
trum from KASCADE and other experiments.
The spectral index changes from≈−2.7 to ≈−3.1
at the knee position of ≈ 5 · 106GeV.
An analysis of the size-ratio lg(N trµ )/ lg(Ne) cal-
culated for each single event leads to results of the
elemental composition for different energy ranges
(Fig.3). The measured distribution of these ra-
tios is assumed to be a superposition of simulated
distributions for different primary masses. The
large iron sampling calorimeter of KASCADE al-
lows to investigate the hadronic part of EAS in
terms of the chemical composition. For six differ-
ent hadronic observables (won by spatial and en-
ergy distributions of the hadrons) the deviations
of the mean values to expectations of pure pro-
ton and iron primaries in certain energy ranges
are calculated.
Besides the use of global parameters like the
shower sizes, sets of different parameters are used
for neural network and Bayesian decision analy-
ses. Examples of such observables are the number
of reconstructed hadrons in the calorimeter, their
reconstructed energy sum, number of muons in
the shower center, or parameters obtained by a
fractal analysis of the hit pattern of muons and
secondaries at the MWPC. The latter ones are
sensitive to the structure of the shower core which
is mass sensitive due to different shower develop-
ments of light and heavy particles in the atmo-
sphere. In Figure 3 results of a Bayesian analyses
and of a separate neural net analysis using the
fractal parameters are shown.
As the tendency of the results of each described
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Figure 3. The chemical composition estimated
with the KASCADE data, using different meth-
ods and observables from different particle com-
ponents.
method is consistent with a heavier primary mass
after the knee region, but the absolute scale
strongly depends on the particle component of
which the observables are constructed from, the
syllogism is that the balance of the energy and
number of particles between the muonic, electro-
magnetic and hadronic part in the EAS differs for
simulations and the real shower development.
4. CONCLUSIONS
First results of the KASCADE experiment can
be summarized by following statements: All sec-
ondary particle components of the showers dis-
play a kink in the size spectra. This strongly
supports an astrophysical origin of the “knee”,
rather than effects of the interaction of the pri-
maries in the atmosphere. The knee is sharper for
the light primary component than for the heavy
one. This result follows from the measurement
as an increasing average mass of the primary cos-
mic rays above the observed kink, together with
the energy dependent mass classification of single
air showers. But none of the high-energy interac-
tion models en vogue is able to fit the data of all
observables consistently.
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